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(54) NITRIDE SEMICONDUCTOR DEVICE 

(57) A nitride semiconductor device used chiefly as 
an LD and an LED element. In order to improve the out- 
put and to decrease Vf, the device is given either a 
three-layer structure in which a nitride semiconductor 
layer doped with n-type impurities serving as an n-type 
contact layer where an n-electrode is formed is sand- 
wiched between undoped nitride semiconductor layers; 
or a superlattice structure of nitride. The n-type contact 
layer has a carrier concentration exceeding 3 x 1 0 18 cm* 
3 , and the resistivity can be lowered below 8 x 10" 3 ficm. 
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Description 

Technical field of the Invention 

[0001] This invention relates to a device provided s 
with a nitride semiconductor (InxAlyGa^.yN, O^x, 0£y, 
x+ysi ) including light emitting devices such as LED 
(light emitting diode) and LD (laser diode), solar cells, 
light receiving devices such as optical sensors and elec- 
tronic devices such as transistors and power devices. io 

Background of the Invention 

[0002] Nitride semiconductors have been recently 
produced as materials used for a high bright pure green 15 
LED and a blue LED in various light sources for a full 
color LED display, a traffic signal and an image scanner 
and the like. These LEDs basically have such a struc- 
ture that a buffer layer, a n-side contact layer made of 
Si-doped GaN, an active layer of SQW (Single Quantum 20 
Well) made of InGaN or MQW (Multi Quantum Well) 
including InGaN, a p-side cladding layer made of Mg- 
doped AIGaN and a p-side contact layer made of Mg- 
doped GaN are laminated sequentially on the sapphire 
substrate. Such LEDs show excellent properties and for 25 
example, at 20mA. for blue LED having a light emitting 
wavelength of 450nm, 5mw of output and 9.1% of an 
external quantum efficiency can be achieved and for 
green LED having a light emitting wavelength of 520nm, 
3mW of output and 6.3% of an external quantum effi- 30 
ciency can be achieved. 

[0003] The inventors have first realized laser emit- 
ting of 410 nm at room temperature by using the above 
nitride materials and reported it in Jpn. J. Appl. Phys. 
35(1996)L74 and Jpn. J. Appl. Phys. 35(1996)L217. 35 
The laser device comprises the DH structure where the 
active layer is MQW having InGaN well layers and 
showed the following data: 

Threshold current: 610mA; 40 

Threshold current density: 8.7kA/m2; 

Wavelength: 410 nm 

(pulse width 2 nm and pulse cycle 2ms) 

[0004] The inventors have first succeeded in CW « 
(Continuous-Wave) Oscillation or Operation at room 
temperature and reported it in Gijutsu-Sokuho of Nikkei 
Electronics issued on Dec. 2, 1996, Appl. Phys. Lett. 
69(1996) and Appl. Phys. Lett. 69(1996) 4056. 
[0005] The laser diode showed a lifetime of 27 so 
hours at 20°C under the threshold current density of 3.6 
kA/cm 2 , the threshold voltage of 5.5 V and the output of 
1.5 mW. 

[0006] Thus, nitride semiconductors have been pro- 
duced as materials for a LED. And for a LD. continuous- 55 
wave oscillation or operation of as long as a few tens 
hours can be achieved. However, a further enhance- 
ment of the output is required in order to use LEDs for 



illumination lights, outdoor displays exposed to the 
direct rays of the sun and the like. And it is necessary to 
improve LDs. in order to decrease the threshold in LDs 
and realize a longer lifetime of the LDs and to use the 
LDs in light sources such as the light-pick-up, DVD and 
the like. Said LD showed a forward current of 20mA and 
a forward voltage (Vf) of near 3.6 V. Further decrease of 
Vf leads to decrease of generation of heat in the device, 
resulting in increase of reliability. It is extremely impor- 
tant to decrease the threshold voltage in the laser 
devices to realize a longer lifetime of the devices. 
[0007] In view of such circumstances, this invention 
has been accomplished. The main object of the present 
invention is to enhance the output of the nitride semi- 
conductor devices such as LED and LD and to 
decrease Vf and the threshold voltage thereof, resulting 
in the enhancement of the reliability of the devices. Par- 
ticularly, the first object of the present invention is to 
increase the carrier concentration in the n -type contact 
layer and decrease the resistivity thereof. 
[0008] Further, the second object of the present 
invention is to provide an n-type nitride layer structure in 
which the carrier concentration in the n-type contact 
layer is increased and the crystallinity of the nitride sem- 
iconductor layer formed on the n-type contact layer can 
be enhanced. Disclosure of the Invention 
[0009] According to the present invention, there is 
provided a nitride semiconductor device comprising an 
above-mentioned n-type contact layer in a specific 
three-layer laminated structure or a super lattice struc- 
ture. 

[0010] According to a first aspect of the present 
invention, there is provided a nitride semiconductor 
device, which is a light emitting device, comprising at 
least a substrate an n-type contact layer forming an n- 
electrode, an active layer where electrons and holes are 
recombined and a p-type contact layer forming a p-elec- 
trode. each layer being made of nitride semiconductor, 
wherein the n-type contact layer is made of a nitride 
semiconductor doped with an n-type impurity and has a 
first surface and a second surface, and undoped nitride 
semiconductor layers are formed close to the first and 
second surfaces, respectively, resulting in the three- 
layer laminated structure of the n-type contact layer. 
[001 1 ] In this case, an undoped nitride semiconduc- 
tor layer means an intentionally not doped layer and 
includes a nitride semiconductor layer which may con- 
tain an impurity originally contained in the raw material, 
unintentionally introduced by the contamination within 
the reactor and by diffusion from the other layers which 
is intentionally doped with an impurity, and also a layer 
which is considered to be a substantially undoped layer 
because of doping in a very small amount (for example, 
resistivity of 3xi0' 1 • cm or more). An n-type impurity 
includes Group IV elements such as Si, Ge, Sn and the 
like and Si is preferred. The nitride semiconductor lay- 
ers which are laminated therewith, including the n-type 
contact layer may be made of for example. GaN, InGaN 
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and AIGaN and preferably, the n-type contact layer may 
be made of GaN including no In or Al in the term of the 
crystallinity. While the undoped nitride semiconductor 
layers which are formed on the both sides of the n-type 
contact layer will be described below in detail. In the 
case that the n-type contact layer is the second layer of 
the three-layer laminated structure, the first nitride sem- 
iconductor layer formed on the substrate side thereof 
may be preferably made of GaN or AIGaN and the 
nitride semiconductor layer formed oh the opposite side 
of the n-type contact layer to the substrate may be pref- 
erably made of GaN, InGaN or AIGaN. Particularly, the 
representative of the three-layer laminated structure 
may include the three-layer laminated structure of 
undoped GaN layer (third layer) / Si -doped GaN layer 
(second layer) / undoped GaN layer (first layer) in which 
the n-type contact layer (second layer) doped with Si is 
sandwiched between the undoped GaN layers. 
[0012] The second nitride semiconductor layer (n- 
type contact layer) can have a carrier concentration of 
not less than 3x1 0 18 /cm 3 and the resistivity is less than 
8x1 0" 3 n • cm in the term of the mobility of the layer. 
The resistivity of the conventional n-type contact layer 
has been limited to 8x1 o* 3 n • cm (for example, US-A 
5,733,796). The decrease of the resistivity can lower Vf. 
The resistivity of 6x10" 3 n. • cm or less can be achieved 
and more preferably, 4x1 0" 3 n • cm or less. The lower 
limit is not specified and it is desirable to adjust to 1x10" 
5 n • cm or ore. If the resistivity becomes lower than the 
lower limit, the amount of the impurity becomes too 
much and the crystallinity of the nitride semiconductor 
tends to decline. 

[001 3] Moreover, a buffer layer which is grown at a 
temperature lower than that for the first nitride semicon- 
ductor is preferably formed between the substrate and 
the first nitride semiconductor layer. The buffer layer 
may be made by for example, growing AIN, GaN, AIGaN 
and the like at the temperatures ranging from 400°C to 
900°C to the thickness of 0.5 urn or less and acts as a 
underlying layer for relaxing a lattice mismatch between 
the substrate and the first nitride semiconductor and 
growing the first nitride semiconductor layer having a 
good crystallinity. Particularly, in the case that the first 
nitride semiconductor layer is made of GaN, the buffer 
layer may be preferably made of GaN. 
[001 4] Further, the thickness of the third nitride 
semiconductor layer may preferably be 0.5 urn or less. 
More preferably, the thickness of the third nitride semi- 
conductor layer may be 0.2 jim or less, most preferably 
0.15 jim or less. The lower limit is not specified and it is 
desirable to adjust to 10 angstroms or more, preferably 
50 angstroms or more and most preferably 100 ang- 
strom or more. Since the third nitride semiconductor 
layer is an undoped layer and usually has a high resis- 
tivity of 0.1 n - cm or more, in the case that the third 
nitride semiconductor layer is thick, Vf tends not to 
decrease. 

[001 5] According to a second aspect of the present 
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invention, there is provided a nitride semiconductor 
device, which is a light emitting device on a substrate, 
comprising at least an n-type contact layer forming at 
least an n-electrode on the substrate, an active layer 

s where electrons and holes are recombined and a p-type 
contact layer forming a p-electrode, each layer being 
made of nitride semiconductor, wherein the n-type con- 
tact layer is a super lattice layer made by laminating at 
least a nitride semiconductor doped with an n-type 

to impurity and an undoped nitride semiconductor layer 
doped with no n-type impurity. Also, as in the case of the 
first nitride semiconductor device described above, it is 
preferable that the first and third nitride semiconductor 
layers are not doped with an n-type impurity or are 

15 doped by the concentration of an n-type impurity 
smaller than that in the super lattice layer and are 
formed close to the first and second surface of the n- 
type contact layer, respectively in a manner that the sec- 
ond nitride semiconductor layer (n-type contact layer) is 

so interposed between the first layer and the third one. 
[0016] In the second nitride semiconductor device, 
the super lattice structure means a structure made by 
laminating the nitride semiconductor layers which has a 
thickness of 100 angstroms or less, more preferably 70 

25 angstroms or less and most preferably 50 angstroms or 
less in the multi-layered structure. And in this specifica- 
tions, the super lattice structure or layer includes a type 
of multi-layered film made by laminating layers which 
have different constitutions from each other and a type 

30 of multi-layered film made by laminating layers which 
have the same constitutions and different amounts of a 
n-type impurity from each other. Further, an undoped 
nitride semiconductor layer means a nitride semicon- 
ductor layer which is not intentionally doped with an 

35 impurity and has the same meaning as in the case of 
the above first light emitting device. 
[0017] Also, in the second nitride semiconductor 
device, a buffer layer which is grown at a lower temper- 
ature than that for the first nitride semiconductor layer 

40 may be formed between the substrate and the first 
nitride semiconductor layer. The buffer layer may be 
made by for example, growing AIN, GaN. AIGaN and the 
like at the temperatures ranging from 400°C to 900° C to 
the thickness of 0.5 |im or less and acts as a underlying 

45 layer for relaxing a lattice mismatch between the sub- 
strate and the nitride semiconductor and growing the 
first nitride semiconductor layer having a good crystal- 
linity. 

[001 8] The second nitride semiconductor layer may 
so be made by laminating two kinds of.nitride semiconduc- 
tor layers which have different band gap energy from 
each other and may be made by laminating another 
nitride semiconductor between said two kinds of nitride 
semiconductor layers. 
55 [0019] In this case, said two kinds of nitride semi- 
conductor layers preferably have different concentra- 
tions of an n-type impurity doped from each other. 
Hereinafter, the configuration of the super lattice layer in 
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which the nitride semiconductor layers have different 
concentrations of an impurity from each other is called 
modulation doping. 

[0020] Also, in the case that the second nitride sem- 
iconductor layer is formed by laminating two kinds of s 
layers which have different band gap energy from each 
other, the layer having a higher band gap energy may 
be doped with a n-type impurity in a larger amount or 
the layer having a lower band gap energy may be doped 
in a larger amount. 10 
[0021 ] And in the case that the second nitride sem- 
iconductor layer is formed by laminating two kinds of 
layers which have different band gap energy from each 
other, one of the layers is preferably is not doped with an 
impurity, that is. is an undoped layer. In this case, the 15 
layer having a higher band gap energy may be doped 
with an n-type impurity or the layer having a lower band 
gap energy may be doped. 

[0022] Further, in the present invention, said sec- 
ond nitride semiconductor layer may be made by lami- 20 
nating two kinds of layers which have the same 
constitutions except different concentrations of a n-type 
impurity from each other. In this case, one of the two 
kinds of nitride semiconductor layers is preferably an 
undoped layer which is not doped with a n-type impurity. 25 
[0023] Particularly, a typical n-type contact layer in 
a form of a super lattice structure is made by laminating 
alternately nitride semiconductor layers selected from 
the combinations of GaN/GaN, InGaN/GaN, 
AIGaN/GaN and InGaN/AIGaN and either one of the 30 
nitride semiconductor layers is preferably doped with Si. 
[0024] Further, in the case that the third nitride sem- 
iconductor layer is provided, it is preferable that the third 
nitride semiconductor layer is undoped and has a thick- 
ness of 0.1 jim or less. More preferably, the third nitride 35 
semiconductor layer has a thickness of 500 angstroms 
or less, and most preferably, 200 angstroms or less. The 
lower limit of the thickness the third nitride semiconduc- 
tor layer is not particularly specified and is desirably 
controlled to 1 0 angstroms or more. In the case that the 40 
third nitride semiconductor layer is not a super lattice 
layer, but an undoped single layer, the resistivity thereof 
is usually as high as 1 x 10' 1 n ■ cm or more. Therefore, 
when the third nitride semiconductor layer is grown to 
the thickness of more than 0.1 pm, contrarily, Vf tends as 
not to decrease. When the third nitride semiconductor 
layer is an undoped layer, the nitride semiconductor 
layer has a good crystallinity and the active layer which 
is grown thereon also has a good crystallinity, resulting 
in the good improvement of the output. so 
[0025] The n-type contact layer constituting the 
super jattice structure can have a carrier concentration 
of not less than 3 x I0 18 /cm 3 and considering the mobil- 
ity of the layer, the resistivity thereof is less than 8x 10" 3 
n - cm. The resistivity of the prior n-type contact layer ss 
is limited to 8x 10' 3 n • cm, but the decrease of the 
resistivity can lead to the decrease of Vf, as in the case 
of the first nitride semiconductor device. The realizable 



resistivity is 6x 1 0" 3 O • cm or less and more preferably, 
4x 10* 3 O * cm or less. The lower limit is not particularly 
specified and desirably controlled to 1x 10* 5 fl • cm or 
more. If the resistivity is below the lower limit, the 
amount of an impurity is too much and the crystallinity of 
the nitride semiconductor tends to deteriorate. 

Brief Explanation of the Drawing 
[0026] 

Fig. 1 is a schematic sectional view of the LED 
device structure of an embodiment according to the 
present invention. 

Fig. 2 is a schematic sectional view of the LED 
device structure of another embodiment according 
to the present invention. 

PREFERRED EMBODIMENT OF THE INVENTION 

Embodiment 1 

[0027] The first light emitting device according to 
the present invention comprises a nitride semiconductor 
layer which has an at least three-layer laminated struc- 
ture between the active layer and the substrate. The first 
nitride semiconductor layer is undoped, so as to grow a 
second nitride semiconductor layer which contains a n- 
type impurity and has a good crystallinity. If the first 
nitride semiconductor layer is intentionally doped with 
an impurity, the crystallinity thereof deteriorates and it is 
difficult to grow a second nitride semiconductor which 
has a good crystallinity. Next, the second nitride semi- 
conductor layer is doped with a n-type impurity and has 
a low resistivity and a high carrier concentration, to act 
a contact layer for forming a n-electrode. Therefore, the 
resistivity of the second nitride semiconductor layer is 
desirably as low as possible to obtain a good ohmic con- 
tact with the n-electrode material and is preferably less 
than 8x 10" 3 O • cm. Next, the third nitride semiconduc- 
tor layer is also undoped. This is because the second 
nitride semiconductor layer which has a low resistivity 
and a large carrier concentration does not have a very 
good crystrallinity. If an active layer, cladding layer and 
the like are grown directly on such a second nitride sem- 
iconductor layer, the crystallinity of those layers deterio- 
rates. When the third nitride semiconductor layer which 
is undoped and has a good crystallinity is interposed 
between those layers, the third nitride semiconductor 
layer acts as a buffer layer for growing the active layer. 
Further, when an undoped layer having a relatively high 
resistivity is interposed between the active layer and the 
second layer, the leak current of the device can be pre- 
vented and the backward withstand voltage can be 
enhanced. And the second nitride semiconductor layer 
has a carrier concentration of more than 3 x 10 18 /cm 3 . 
An n-type impurity include IV group elements and pref- 
erably Si or Ge is used, more preferably Si. 
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[0028] In the first nitride semiconductor light emit- 
ting device, due to the undoped first nitride semiconduc- 
tor layer between the active layer and the substrate, the 
second nitride semiconductor layer doped with a n-type 
impurity can be grown in such a manner that the crystal- 
linity of the second nitride semiconductor is maintained. 
Therefore, the second nitride semiconductor layer 
doped with an n-type impurity which has a good crystal- 
linity and a large thickness can be grown. Moreover, the 
undoped third nitride semiconductor layer acts as an 
underlying layer having a good crystallinity for the layer 
to be grown thereon. Therefore, the resistivity of the 
second nitride semiconductor layer can be reduced and 
the carrier concentration thereof can be increased, 
resulting in the realization of the nitride semiconductor 
device having an extremely high efficiency. Thus, 
according to the present invention, a light emitting 
device having a low Vf and threshold can be realized 
and the heating value of the device can be decreased, 
with the result that the device having a high reliability 
can be provided. 

Embodiment 2 

[0029] The second light emitting device according 
to the present invention comprises a nitride semicon- 
ductor super lattice layer as a n-type contact layer 
between the active layer and the substrate. This super 
lattice layer has a first surface and a second surface and 
comprises a first nitride semiconductor layer which is 
undoped or has a lower concentration of a n-type impu- 
rity than that of the second nitride semiconductor layer 
on the first surface, so as to grow a super lattice layer 
having a good crystallinity. The first nitride semiconduc- 
tor layer is most preferably undoped and may be doped 
with a n-type impurity in a smaller amount than that in 
the second nitride semiconductor layer, because the 
second nitride semiconductor layer is in a super lattice 
structure. The n-type impurity includes IV group ele- 
ments and preferably, Si or Ge is used and more prefer- 
ably, Si. 

[0030] Next, when the n-type contact layer is in a 
super lattice structure, each nitride semiconductor layer 
constituting the super lattice layer has a thickness of not 
more than the elastic stain limit and therefore, the nitride 
semiconductor layer having very few crystal defects can 
be grown. Moreover, the crystal defects developing 
through the first nitride semiconductor layer from the 
substrate can be prevented to some extent, the third 
nitride semiconductor layer having a good crystallinity 
can be grown on the super lattice layer. What is worthy 
of mention is that the effect similar to HEMT can be 
obtained. 

[0031] This super lattice layer is preferably formed 
by laminating alternately a nitride semiconductor layer 
having a higher band gap energy and a nitride semicon- 
ductor layer having a band gap energy lower than that of 
said nitride semiconductor layer having a higher band 



gap energy, the two layers having different impurity con- 
centrations. Thickness of the nitride semiconductor 
layer having a higher band gap energy and the nitride 
semiconductor layer having a lower band gap energy 

5 which constitute the super lattice layer is preferably con- 
trolled to be within 100 angstroms, more preferably 
within 70 angstroms and most preferably within a range 
from 10 to 40 angstroms. If the thickness of the two lay- 
ers exceeds 100 angstroms, the nitride semiconductor 

io layer having a higher band gap energy -and the nitride 
semiconductor layer having a lower band gap energy 
become thicker than the elastic strain limit and micro- 
scopic cracks or crystal defects tend to develop in the 
film. While the lower limit of the thickness of the nitride 

is semiconductor layer having a higher band gap energy 
and the nitride semiconductor layer having a lower band 
gap energy is not specified and may be of any value as 
long as it is monoatomic layer or thicker, it is most pref- 
erably 10 angstroms or greater. Further, the "nitride sem- 

20 iconductor layer having a higher band gap energy is 
desirably made by growing a nitride semiconductor 
which includes at least Al, preferably AlxGa^N 
(0<XS1). While the nitride semiconductor layer having a 
lower band gap energy may be anything as long as it is 

25 a nitride semiconductor having a band gap energy lower 
than that of the nitride semiconductor layer having a 
higher band gap energy, it is preferably made of a nitride 
semiconductor of binary mixed crystal or ternary mixed 
crystal such as AlyGa^yN (0<YS1, X>Y) and IngGa*). 

so zN (0^Z<1) which can be grown easily and, provide 
good quality of crystal. It is particularly preferable that 
the nitride semiconductor layer having a higher band 
gap energy is made of AlxGa^xN (0<X<1) which does 
not substantially include In or Ga and the nitride semi- 

35 conductor layer having a lower band gap energy is 
made of ln z Ga!. z N (0^Z<1) which does not substan- 
tially include Al. And for the purpose of obtaining super 
lattice of excellent quality of crystal, the combination of 
AlxGa^xN (0<Xs0.3) with the mixing proportion of Al 

40 (value of X) being not more than 0.3 and GaN is most 
preferable. 

[0032] When the second nitride semiconductor 
layer constitute a cladding layer which functions as a 
light trapping layer and a carrier trapping layer, it must 

45 have a band gap energy higher than that of a quantum 
well layer of the active layer. A nitride semiconductor 
layer having a higher band gap energy is made of a 
nitride semiconductor of high mixing proportion of Al. It 
has been very difficult to grow a crystal of nitride semi- 

so conductor of high mixing proportion of Al according to 
the prior art, because of cracks which are likely to 
develop in a thick film. In the case of a super lattice layer 
according to the present invention, however, cracks are 
made less likely to occur because the crystal is grown to 

55 a thickness within the elastic strain limit, even when a 
single layer constituting the super lattice layer is made 
with a somewhat high mixing proportion of Al. With this 
configuration, a layer having a high mixing proportion of 
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Al can be grown with good quality of crystal and there- 
fore, effects of light trapping and carrier trapping can be 
enhanced, resulting in reducing the threshold voltage in 
the laser device and reducing Vf (forward voltage) in the 
LED device. 5 

[0033] Further, it is preferable that n-type impurity 
concentration is set to be different between the nitride 
semiconductor layer having a higher band gap energy 
and the nitride semiconductor layer having a lower band 
gap energy of the second nitride semiconductor layer. 10 
This configuration is the so-called modulation doping. 
When one layer is made with lower n-type impurity con- 
centration or is preferably undoped with the impurity and 
the other layer is doped in a higher concentration, this 
modulation doping is also capable of decreasing the is 
threshold voltage and Vf. This is because the presence 
of a layer having a low impurity concentration in the 
super lattice layer increases the mobility in the layer, 
and coexistence of a layer having a high concentration 
of impurity makes it possible to form a super lattice layer 20 
even when the carrier concentration is high. That is, it is 
supposed that the coexistence of a layer of low impurity 
concentration and high mobility and a layer of high 
impurity concentration and high carrier concentration 
allows a layer having a high impurity concentration and 25 
high mobility to be a cladding layer, thus decreasing the 
threshold voltage and Vf. 

[0034] When a nitride semiconductor layer having a 
high band gap energy is doped with an impurity in a 
high concentration, the modulation doping effect is sup- 30 
posed to generate two-dimensional electron gas 
between a high impurity concentration layer and a low 
impurity concentration layer, so that the resistivity 
decreases due to the effect of the two-dimensional elec- 
tron gas. In a super lattice layer made by laminating a 35 
nitride semiconductor layer which is doped with an n- 
type impurity and has a high band gap energy and an 
undoped nitride semiconductor layer with a low band 
gap energy, for example, the barrier layer side is 
depleted in the hetero-junction interface between the 40 
layer which is doped with the n-type impurity and the 
undoped layer, while electrons (two-dimensional elec- 
tron gas) accumulate in the vicinity of the interface on . 
the side of the layer having a tower band gap. Since the 
two-dimensional electron gas is formed on the lower 45 
band gap side and therefore the electron movement is 
not subject to disturbance by the impurity, electron 
mobility in the super lattice increases and the resistivity 
decreases. It is supposed that the modulation doping on 
P side is caused by the effect of the two-dimensional so 
positive hole gas. In the case of p layer, AIGaN has 
higher resistivity than that GaN has. Thus it is supposed 
that, because the resistivity is decreased by doping 
AIGaN with p type impurity in a higher concentration, a 
substantial decrease is caused in the resistivity of the ss 
super lattice layer, thereby making it possible to 
decrease the threshold value when the device is made. 
[0035] When a nitride semiconductor layer having a 



low band gap energy is doped with an impurity in a high 
concentration, such an effect as described bellow is 
expected to be produced. When the AIGaN layer and 
the GaN layer are doped with the same amounts of Mg, 
for example, acceptor level of Mg becomes deeper and 
the activation ratio becomes lower in the AIGaN layer. In 
the GaN layer, on the other hand, acceptor level of Mg 
becomes less deep and the Mg activation ratio 
becomes higher than in the AIGaN layer. When doped 
with Mg in a concentration of 1 x lO^/cm 3 , for example, 
carrier concentration of about 1 x 10 l8 /cm 3 is obtained 
in GaN, while the concentration obtained in AIGaN is 
only about 1 x 10 17 /cm 3 . Hence in the present invention, 
a super lattice layer is made from AIGaN and GaN and 
the GaN layer from which higher carrier concentration 
can be expected is doped with greater amount of impu- 
rity, thereby forming super lattice of a high carrier con- 
centration. Moreover, because tunnel effect causes the 
carrier to move through the AIGaN layer of a lower impu- 
rity concentration due to the super lattice structure, the 
carrier is not under substantially no influence of the 
AIGaN layer, while the AIGaN layer functions also as a 
cladding layer having a high band gap energy. There- 
fore, even when the nitride semiconductor layer having 
a lower band gap energy is doped with a greater 
amount of impurity, very good effect can be obtained in 
decreasing the threshold voltage of the laser device or 
LED device. The above description deals with a case of 
forming the super lattice layer on p-type layer side, 
although similar effect can be obtained also when a 
super lattice layer is formed on the n layer side. 
[0036] When the nitride semiconductor layer having 
a higher band gap energy is doped with an n-type impu- 
rity in a high concentration, the amount of doping in the 
nitride semiconductor layer having a higher band gap 
energy is preferably controlled within a range from 1 x 
10 17 /cm 3 to 1 x 10 20 /cm 3 , or more preferably within a 
range from 1 x 10 18 /cm 3 to 5 x 10 19 /cm 3 . When the 
impurity concentration is lower than 1 x 10 17 /cm 3 , the 
difference from the concentration in the nitride semicon- 
ductor layer having a lower band gap energy becomes 
too small to obtain a layer of high carrier concentration. 
When the impurity concentration is higher than 1 x 
lO^/cm 3 , on the other hand, leak current in the device 
itself tends to increase. Meanwhile the n-type impurity 
concentration in the nitride semiconductor layer having 
a lower band gap energy may be at any level as long as 
it is lower than that of the nitride semiconductor layer 
having a higher band gap energy, but it is preferably 
lower than one tenth of the latter. Most preferably the 
nitride semiconductor layer having a lower band gap 
energy is undoped. in which case a layer of the highest 
mobility can be obtained. However, because each of the 
component layers of a super lattice layer is thin, some of 
the n-type impurity diffuses from the nitride semicon- 
ductor layer having a higher band gap energy into the 
nitride semiconductor layer having a lower band gap 
energy. Therefore, the n-type impurity concentration in 



6 



11 



EP1 014 455 A1 



12 



the nitride semiconductor layer having a lower band gap 
energy is preferably 1 x 10 19 /cm 3 or less. The n-type 
impurity is selected from among the elements of IVB 
group and VIB group of the periodic table such as Si, 
Ge, Se, S and O, and preferably selected from among 5 
Si, Ge and S. The effect is the same also in case the 
nitride, semiconductor layer having a higher band gap 
energy is doped with less amount of n-type impurity and 
the nitride semiconductor layer having a lower band gap 
energy is doped with greater amount of n-type impurity. 10 
Although, the above description deals with a case of 
modulation doping in which the super lattice layer is 
preferably doped with an impurity, it is also possible that 
the impurity amount in the nitride semiconductor layer 
having a higher band gap energy is the same as in the 75 
nitride semiconductor layer having a lower band gap 
energy. 

[0037] In the nitride semiconductor layer constitut- 
ing the super lattice layer, the layer doped with the impu- 
rity in a higher concentration is preferably doped so that 20 
such a distribution of impurity concentration is obtained, 
that the impurity concentration is high in the middle por- 
tion of the semiconductor layer in the direction of thick- 
ness and is low (or preferably undoped) in the portions 
near the both ends. When the super lattice layer is 25 
formed from the AIGaN layer doped with Si as n-type 
impurity and the undoped GaN layer, the AIGaN layer 
releases electrons as donor into the conductive band 
because it is doped with Si and the electrons fall in the 
conductive band of the GaN which has a low potential. 30 
Because the GaN crystal is not doped with the donor 
impurity, carrier disturbance due to an impurity does not 
occur. Thus the electrons can move easily in the GaN 
crystal, namely high electron mobility is obtained. This 
is similar to the effect of the two-dimensional electron 35 
gas described previously, thus increasing the mobility of 
the electrons substantially in the transverse direction 
and decreasing the resistivity. Further, the effect is 
enhanced when the central region of the AIGaN layer 
having a higher band gap energy is doped with the n- 40 
type impurity in a high concentration. That is, among the 
electrons that move in GaN, electrons are more or less 
subject to disturbance by the n-type impurity ions (Si in 
this case) which are present in AIGaN. However, when 
end portions of the AIGaN layer in the direction of thick- 45 
ness are undoped, electrons become less subject to the 
disturbance of Si, and therefore mobility in the undoped 
GaN layer is further improved. Similar effect is obtained 
also when super lattice layer is formed on the p layer 
side, although the action is different somewhat, and it is so 
preferable that the nitride semiconductor layer having a 
higher band gap energy is doped with the p-type impu- 
rity in a higher concentration at the middle portion 
thereof and doped in a lower concentration or undoped 
at both end portions thereof. Although the impurity con- 55 
centration distribution may also be realized in the nitride 
semiconductor layer having a lower band gap energy 
doped with the n-type impurity in a higher concentration. 



a super lattice layer made by doping the nitride semi- 
conductor layer having a lower band gap energy in a 
higher concentration tends to have a less effect. 
[0038] In the device according to the present inven- 
tion, the third nitride semiconductor layer is also 
undoped or doped with an n-type impurity in a concen- 
tration lower than that in the second nitride semiconduc- 
tor layer. If the third nitride semiconductor layer 
containing a large amount of impurity is grown directly 
on the top layer of the super lattice layer, the crystallinity 
of the third nitride semiconductor layer tends to deterio- 
rate. Therefore, the third nitride semiconductor layer is 
doped with an n-type impurity in a low concentration 
and most preferably undoped, so as to grow the third 
nitride semiconductor layer having a good crystallinity. 
The composition of the third nitride semiconductor layer 
is not matter of importance. But the third nitride semi- 
conductor layer is preferably made ofJnxGa^xN 
(0^X^1), more preferably InyGa^xN (0<X^0.5) and in 
such a case, the third nitride semiconductor layer acts 
as a buffer layer for the layers to be grown thereon, with 
the result that the layers above the third nitride semicon- 
ductor layer can be easily grown. Further, when the 
layer having a relatively high resistivity such as an 
unodped single layer is interposed between the active 
layer and the second layer, the leak current in the device 
can be prevented and the backward withstand voltage 
can be enhanced. 

Example 1 

Super lattice structure LED 

Undoped GaN//Si doped GaN (B)/undoped GaN 
(A)//undoped GaN 

[0039] Fig.1 is a schematic sectional view of the 
LED structure of one example according to the second 
embodiment of the present invention. The method of 
manufacturing the device of the present invention will be 
described in conjunction with this drawing. 
[0040] A C-plane sapphire substrate 1 is set in the 
reactor and the inside atmosphere of the reactor is fully 
replaced with hydrogen. The temperature of the sub- 
strate is increased to 1050 °C with hydrogen being 
flown in order to clean the substrate. As the substrate 1 , 
in addition to C-plane sapphire substrate, the insulating 
substrate such as R- or A-plane sapphire substrate and 
the spinel (MgAI 2 0 4 ) substrate and the semiconductor 
substrate such as SiC (including 6H, 4H 3C), Si, ZnO, 
GaAs, GaN and the like may be used. 

(buffer layer 2) 

[0041 ] Subsequently, the temperature is decreased 
to 510°C. A buffer layer 2 made of GaN having a thick- 
ness of about 200 angstroms is grown using ammonia 
and TMG (trimethylgallium) as a source of GaN. 



7 



13 



EP1 014 455 A1 



14 



(first nitride semiconductor layer 3) 

[0042] After growing the buffer layer 2, only TMG is 
stopped and the temperature is increased to 1050°C. At 
1 050°C. in the same way using ammonia and TMG as a s 
source of GaN, a first nitride semiconductor layer 3 
made of undoped GaN was grown to the thickness of 5 
urn. The first nitride semiconductor layer is grown at a 
temperature higher than that in the case of the buffer 
layer, for example, at 900°C to 1 100°C. The first nitride w 
semiconductor layer 3 can be made of InxAlyGa^x-yN 
{OmX, OsY, X+YsM ) and the composition thereof is not 
a matter of importance. But preferably, the first nitride 
semiconductor layer is made of GaN or AlyGa^xN with 
X being not more than 0.2, with the result that the nitride 15 
semiconductor layer having a less crystal defects can 
be easily obtained. The thickness of the first nitride 
semiconductor layer is not a matter of importance and is 
larger than that of buffer layer, usually being not less 
than 0.1 urn. Since this layer is an undoped layer, it is 20 
similar to the intrinsic semiconductor and has a resistiv- 
ity of larger than 0.2O • cm. The resistivity of the first 
nitride semiconductor layer may be decreased by dop- 
ing an n-type impurity such as Si and Ge in a less 
amount than that in the second nitride semiconductor 25 
layer. 

(second nitride semiconductor layer 4) 

[0043] Subsequently, at 1050°C, an undoped GaN 30 
layer having a thickness of 20 angstroms is grown using 
TMG and ammonia gas. Next, at the same temperature, 
silane gas is added and a GaN layer doped with Si to 1 
x 10 19 /cm 3 is grown to the thickness of 20 angstroms. 
Thus, a pair of A layer made of undoped GaN layer hav- 35 
ing a thickness of 20 angstroms and B layer made of Si- 
doped GaN having a thickness of 20 angstroms is 
grown. The pair is laminated in 250 layers, resulting in a 
second nitride semiconductor layer 4 in the form of 
super lattice structure having a thickness of 1 urn. 40 

(third nitride semiconductor layer 5) 

[0044] Next, only silane gas is stopped and at 
1050°C. in the same way, a third nitride semiconductor 45 
layer 5 made of undoped GaN is grown to the thickness 
of 100 angstroms. The third nitride semiconductor layer 
5 can be made of InxAlyGavx-YN (O^X, 0^Y. X+Y 21 ) 
and the composition thereof is not a matter of impor- 
tance. But preferably, the third nitride semiconductor so 
layer is made of GaN, Al x G ai . x N with X being not more 
than 0.2 or InyGa^yN with Y being not more than 0.1, 
with the result that the nitride semiconductor layer hav- 
ing less crystal defects can be easily obtained. In the 
case of that the layer made of InGaN is grown, when the 55 
nitride semiconductor layer including Al is grown ther- 
eon, cracks are prevented from developing into the 
nitride semiconductor layer including Al. 



(active layer 6} 

[0045] Next, the temperature is decreased to 800°C 
and the carrier gas is changed into nitrogen. An 
undoped lno.4Gao.eN layer having a thickness of 30 
angstroms is grown, using TMG. TMi (trimethylindium) 
and ammonia to form an active layer 6 having a single 
quantum well structure. This layer may have a multiple 
quantum well structure made of InGaN. 

(p-side cladding layer 7) 

[0046] Next, the temperature is increased to 
1050°C and using TMG, TMA, ammonia and Cp2Mg 
(cyclopentadienyl magnesium), a p-side cladding layer 
7 made of p-type AlojGao.gN doped Mg to 1 x lO^/cm 3 
is grown to the thickness of 0. 1 um. This layer functions 
as a carrier trapping layer. This layer is desirably made 
of a nitride semiconductor containing Al, preferably 
AlyGa^yN (0<Y<1). It is desirable to grow a AlyGa^yN 
layer with Y being not more than 0.3 to a thickness of 
not more than 0.5 um, so as to obtain a layer having a 
good crystallinity. 

[0047] And the p-side cladding layer 7 may be a 
super lattice layer. When a super lattice layer is in the p- 
side layer region, the thresholds are further decreased 
and a good result is obtained. Any layer in the p-side 
layer region may be a super lattice layer. 

(p-side contact layer 8) 

[0048] Subsequently, at 1050°C, using TMG, 
ammonia and Cp2Mg, a p-side contact layer 8 made of 
p-type GaN doped with Mg to 1 x l0 20 /cm 3 is grown to 
the thickness of 0.1 um. The p-side contact layer 8 also 
can be made of InxAlyGa^x-vN (0^X, 0^Y, X+Ysi ) 
and the composition thereof is not a matter of impor- 
tance. But preferably, the p-side contact layer is made of 
GaN, with the result that the nitride semiconductor layer 
having less crystal defects can be easily obtained and a 
preferable ohmic contact with the p electrode material 
can be achieved. 

[0049] After the reaction is completed, the tempera- 
ture is decreased to room temperature. Additionally, 
annealing is performed to the wafer at 700°C in nitrogen 
atmosphere within the reactor, so as to make the p-type 
layers less resistive. 

[0050] After annealing, the wafer is removed out of 
the reactor. A mask of a predetermined shape is formed 
on the top surface of the p-side contact layer which is an 
uppermost layer and etching is conducted from the p- 
side contact layer side with RIE (reactive ion etching) 
apparatus, to expose the surface of the second nitride 
semiconductor layer 4, as shown in Fig.1. 
[0051] After etching, a transparent p-electrode 9 
containing Ni and Au and having a thickness of 200 ang- 
stroms is formed on the almost entire surface of the 
uppermost p-side contact layer and a p-pad electrode 
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10 made of Au for bonding is formed on the p- electrode 
9. Meanwhile, a n-electrode 1 1 containing W and Al is 
formed on the surface of the second nitride semicon- 
ductor layer 4 which has been exposed by etching. 
Finally, an insulating film 12 made of Si0 2 is formed to 5 
protect the surface of the p-electrode 9, as shown in Fig. 
1. Then the wafer is scribed and cleaved into LED 
devices which are 350 urn by 350 jim square. 
[0052] For this LED device, pure green light emis- 
sion of 520nm was obtained at a forward voltage of io 
20mA. Vf was decreased by 0.2 to 0.4 V and the output 
was enhanced by 40 to 50% at 20mA, as compared with 
the conventional green light emitting LED made by lam- 
inating on the substrate a buffer layer made of GaN, n- 
side contact layer made of Si doped GaN, an active is 
layer made of InGaN in the form of a single quantum 
well structure, a p-side cladding layer made of Mg 
doped AIGaN and a p-side contact layer made of Mg 
doped GaN sequentially. The static withstand voltage 
was higher than that of the conventional LED by 5 times 20 
or more. 

Example 2 

LED in the form of a super lattice structure 25 

Si doped GaN//Si -doped GaN (B)/undoped GaN (A)//Si 
doped GaN 

[0053] With the same procedures as in Example 1 , so 
the first nitride semiconductor layer 3 is made by grow- 
ing GaN doped with Si to 1 x 10 19 /cm 3 to the thickness 
of 3 jim and the third nitride semiconductor layer 5 is 
made by growing GaN doped with Si to 1 x 10 17 /cm 3 . 
The other constructions of the LED device were the 35 
same as in Example 1. Compared with the LED device 
in Example 1 , the output was decreased by about 10% 
and Vf and static withstand voltage were almost the 
same. 

40 

Example 3 

LED in the form of a super lattice structure 

Undoped GaN//Si doped GaN/undoped 45 
lnGaN//undoped GaN 

[0054] The LED device was fabricated in the same 
manner as in Example 1 , except that the second nitride 
semiconductor was formed as follows. so 
[0055] That is, at 1050 °C, using TMG, ammonia 
gas and Si gas. a GaN layer doped with Si to 1 x 
10 19 /cm 3 which has a thickness of 25 angstroms is 
grown. Subsequently, at 800 °C, using TMI, TMG and 
ammonia gas, an undoped InGaN layer having a thick- 55 
ness of 75 u m is grown. In this way, A layer made of Si 
doped GaN layer having a thickness of 25 angstroms 
and B layer made of undoped InGaN layer having a 



thickness of 75 angstroms are laminated alternately in 
100 layers, respectively, resulting in the second nitride 
semiconductor layer in the form of a super lattice struc- 
ture having a total thickness of 2 pm. 
[0056] The LED in the form of a super lattice struc- 
ture Of Example 3 had almost similar properties to 
those of Example 1. 

Example 4 

LED in the form of a super lattice structure 

Undoped GaN//Si doped AIGaN/undoped 
GaN//undoped GaN 

[0057] With the same procedure as in Example 1 . 
the second nitride semiconductor layer 4 is made by 
laminating alternately A layer made of undoped GaN 
layer having a thickness of 40 angstrom and B layer 
made of Al 01 Gao 9 N layer doped Si to 1 x 10 18 /cm 3 
evenly which has a thickness of 60 angstroms, in 300 
layers, respectively, resulting in a super lattice structure 
having a total thickness of 3 nm. Other constructions of 
the LED device are the same as in Example 1 . The LED 
had almost similar properties to those of Example 5 

LD in the form of a super lattice structure 

Undoped lnGaN//Si doped GaN (B)/undoped GaN 
(A)//undoped GaN 

[0058] Fig. 2 is a schematic sectional view showing 
the structure of the laser device according to another 
example of the present invention. In this drawing, the 
device which is cut in the parallel direction to the reso- 
nating plane of the emission is shown. Example 5 will be 
described with reference to Fig. 2. 
[0059] With the same procedure as in Example 
1 .on the C-plane sapphire substrate, a buffer layer 21 
made of GaN having a thickness of 200 angstroms, a 
first nitride semiconductor layer 22 made of undoped 
GaN having a thickness of 5 urn, a second nitride semi- 
conductor layer 23 in the form of a super lattice struc- 
ture having a total thickness of 3 \ixx\ made by laminating 
A layer made of undoped GaN layer having a thickness 
of 20 angstrom and B layer made of Si doped GaN hav- 
ing a thickness of 20 angstroms are grown (the second 
nitride semiconductor layer 4 has the same construction 
as that of Example 1 ). 

[0060] Other substrate than the sapphire may be 
used. On the substrate made of other materials than 
nitride semiconductor like sapphire, a first GaN layer is 
grown. A protective film on which a nitride semiconduc- 
tor such as SiO a cannot be easily gown is formed par- 
tially on the first GaN layer. A. second nitride 
semiconductor layer is grown on the first nitride semi- 
conductor layer via the protective film and thus, the sec- 
ond nitride semiconductor layer is grown in the 
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transverse direction on Si0 2 - The second nitride semi- 
conductor layer links with each other in the transverse 
direction. The second nitride semiconductor layer 
obtained in this way is most preferably used as a sub- 
strate, so as to achieve a good crystallinrty of the nitride 5 
semiconductor. When this nitride semiconductor sub- 
strate is used as a substrate, the buffer layer is not 
needed to be grown. 

(third nitride semiconductor layer 24) . 10 

[0061] At 800°C, using TMI, TMG and ammonia, a 
third nitride semiconductor layer made of undoped 
ln o.05Gao.95 N is grown to the thickness of 500 ang- 
stroms, is 

(n-side cladding layer 25) 

[0062] Next, at 1050°C, a n-type AI 0 . 2 Gao. 8 N layer 
doped with Si to 1 x 10 19 /cm 3 which has a thickness of 20 
20 angstroms and an undoped GaN layer having a 
thickness of 20 angstroms are laminated alternately, in 
200 layers, resulting in a super lattice structure having a 
total thickness of 0.8 urn. The n-side cladding layer 254 
functions as a carrier trapping layer and light trapping 25 
layer and is preferably made of a nitride semiconductor 
containing Al, more preferably AIGaN. The total thick- 
ness of the super lattice layer is preferably controlled 
within the range of from 100 angstroms to 2 um, more 
preferably within the range of from 500 angstroms to 2 30 
urn. Moreover, the concentration of an impurity is high in 
the middle portion of the n-side cladding layer and low in 
both end portions thereof. 

(n-side optical waveguide layer 26) 35 

[0063] Subsequently, an n-side optical guide layer 
26 made of n-type GaN doped with Si to 1 x 10 17 /cm 3 is 
grown to the thickness of 0.1 urn. This n-side optical 
waveguide layer functions as an optical waveguide layer 40 
for the active layer and is desirably made of GaN and 
InGaN. The thickness of the n-side optical waveguide 
layer is usually not more than 5 urn, preferably 200 ang- 
stroms to 1 jim. This n-side optical waveguide layer is 
usually doped with an n-type impurity such as Si and Ge 45 
to have a n-type conductivity and particularly, may be 
undoped. 

(active layer 27) 

50 

[0064] Next, at 800°C, an active layer 27 is made by 
laminating alternately a well layer which is made of 
undoped ln 0 .2Gao 8 N and has a thickness of 25 ang- 
stroms and a barrier layer which is made of undoped 
InodGao.ggN and has a thickness of 50 angstroms, ss 
thereby forming a layer of a multiple quantum well struc- 
ture (MQW) having a total thickness 1 75 angstroms. 



(p-side cap layer 28) 

[0065] Next, at 1 050°C, a p-side cap layer 28 which 
has a band gap energy higher than that of the p-side 
optical waveguide layer 8 and that of the active layer 6 
and is made of p-type Al 0 3 Gao.7N doped with Mg to 1 x 
lO^/cm 3 is grown to the thickness of 300 angstroms. 
The p-side cap layer 28 is doped with a p-type impurity, 
but the thickness thereof is small and therefore the p- 
side cap layer may be of i-type wherein carriers are 
compensated by doping n-type impurity, preferably may 
be undoped and most preferably may be doped with a 
p-type impurity. The thickness of the p-side cap layer 28 
is controlled within 0.1 um, more preferably within 500 
angstroms and most preferably within 300 angstroms. 
When grown to a thickness greater than 0.1 um, cracks 
tend to develop in the p-side cap layer 28 making it diffi- 
cult to grow a nitride semiconductor layer of good quality 
of crystal. In the case of AIGaN having a high proportion 
of Al, the small thickness can make it for LD device to 
oscillate easily. When AiyGa^yN has Y value of not less 
than 0.2, the thickness is desirably controlled within 500 
angstroms. The lower limit of the thickness of the p-side 
cap layer 76 is not specified and but the thickness is 
preferably 10 angstroms or more. 

(p-side optical waveguide layer 29) 

[0066] Next, a p-side optical waveguide layer 29 
which has a band gap energy lower than that of the p- 
side cap layer 28 and is made of p-type GaN doped with 
Mg to 1 x 10 19 /cm 3 is grown to a thickness of 0.1 um. 
This layer functions as an optical waveguide, layer for 
the active layer and is desirably made of GaN and 
InGaN as in the case of the n-side optical waveguide 
layer 26. This p-side optical waveguide layer also func- 
tions as a buffer layer when the p-side cladding layer 30 
is grown. The thickness of the p-side optical waveguide 
layer is preferably 1 00 angstroms to 5 um, more prefer- 
ably 200 angstroms to 1 prn. The p-side optical 
waveguide layer is usually to doped with a p-type impu- 
rity such as Mg to have a p-type conductivity, but may 
not be doped with an impurity. 

(p-side cladding layer 30) 

[0067] Next, a p-side cladding layer 30 is made by 
laminating alternately a p-type Al 0 2 Ga 0 .2N layer which 
is doped with Mg to 1 x 1 0 20 /cm 3 and has a thickness of 
20 angstroms and a p-type GaN layer which is doped 
with Mg to 1 x 10 19 /cm 3 and has a thickness of 20 ang- 
stroms, thereby forming a super lattice layer having a 
total thickness 0.8 um. This layer functions as a carrier 
trapping layer, as in the case of n-side cladding layer 25. 
Also this layer functions to decrease the resistivivty in 
the p-type layers due to the super lattice structure. The 
thickness of the p-side cladding layer 30 is not specified 
and desirably is within the range of from 1 00 angstroms 
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to 2 urn, more preferably within the range of from 500 
angstroms to 1 nm. The concentration of an impurity 
may be high in the middle portion of the p-side cladding 
layer and low in both end portions thereof. 

5 

(p-side contact layer 31) 

[0068] Finally, a p-side contact layer 10 made of p- 
type GaN doped with Mg to 2 x 10 20 /cm 3 is grown to the 
thickness of 150 angstroms. It is advantageous that the io 
thickness of the p-side contact layer is controlled to not 
more than 500 angstroms, preferably not more than 400 
angstroms and not less than 20 angstroms, so as to 
decrease the resistivity of the p-type layers and 
decrease the threshold voltage. is 
[0069] After the completion of the reaction, the 
wafer is annealed at 700°C within the nitrogen atmos- 
phere in the reactor to make the p-type layers less resis- 
tive. After annealing, the wafer is removed out of the 
reactor and as shown in Fig. 2, the p-side contact layer 20 
31 and the p-side cladding layer 30 which are the upper- 
most layers are etched with RIE apparatus into a ridge 
geometry with a stripe width 4 urn. 
[0070] After the ridge geometry is formed, as 
shown in Fig. 2. the p-side cladding layer 30 which is 25 
exposed on both sides of the ridge stripe is etched to 
expose the surface of the second nitride semiconductor 
layer 23 on which the n-electrode is to be formed. The 
exposed surface is made of a super lattice layer having 
a large amount of impurity. 30 
[0071] Next, the p-electrode 32 made of Ni/Au is 
formed on the entire surface of the ridge. Next, as 
shown in Fig. 2. an insulating film 35 made of Si0 2 is 
formed on the surface of the p-side cladding layer 30 
and the p-side contact layer 31 except for the p-elec- 35 
trade 32. A p-pad electrode 33 which is connected elec- 
trically to the p-electrode 32 via the insulating film 35 is 
formed. Meanwhile, the n-electrode made of W and Al is 
formed on the surface of the n-side contact layer 4 
which has been exposed. 40 
[0072] After the electrode is formed, the back sur- 
face of the sapphire substrate of the wafer is polished to 
the thickness of about 50 urn. And then, the wafer is 
cleaved at the M-plane of sapphire and the bar with the 
cleaved facet being a resonator plane is fabricated. The 45 
bar is scribed and separated parallel to the stripe elec- 
trode to fabricate a laser device. The resulting laser 
device configuration is shown in Fig. 2. When this laser 
device was oscillated continuously at room tempera- 
ture, the threshold current density was decreased to so 
about 2.0kA/ cm 2 and the threshold voltage was about 
4.0V, compared to the conventional nitride semiconduc- 
tor laser device which could oscillate continuously for 37 
hours. The lifetime was 500 hours or longer. 



Example 6 

LED in the form of a super lattice structure 

Unoped GaN//undoped AIGaN/Si doped GaN//undoped 
GaN 

[0073] With the same procedures as in Example 1 , 
the second nitride semiconductor layer 4 is made by 
laminating a GaN layer which is doped with Si to 1 x 
10 19 /cm 3 and has a thickness of 20 angstroms and an 
undoped Al 0 10 Ga 0 .goN layer having a thickness of 20 
angstroms and growing such a pair in 250 times, 
thereby forming a super lattice layer having a total thick- 
ness of 1.0 urn (10000 angstroms). The other construc- 
tions are the same as in Example 1 . The similar results 
were obtained to those in Example 1 . 
[0074] As described above, the nitride semiconduc- 
tor device according to the present invention is made by 
laminating the first nitride semiconductor layer which is 
undoped or has a small concentration of impurity, the 
second nitride semiconductor layer of a super lattice 
layer which has a large concentration of impurity and 
the third nitride semiconductor layer which is undoped 
or has a small concentration of impurity and therefore, 
the LED which has low Vf and the laser device which 
has low thresholds can be obtained. Moreover, since 
the second nitride semiconductor layer has a low resis- 
tivity, the ohmic contact can be easily obtained between 
the n-electrode and the second, nitride semiconductor 
layer and Vf is decreased. LED and the laser device 
have been described in this specifications, the present 
invention can be applied to any device made of nitride 
semiconductor such as tight receiving devices and solar 
cells, as well as power devices using the output of the 
nitride semiconductor. 

Example 7 

LED in the form of a three layer laminated structure 

Undoped GaN//Si doped n-type GaN//undoped GaN 

[0075] This LED is fabricated in the same manner 
as in Example 1, as shown in Fig. 1, an example of LED 
device of the first embodiment according to the present 
invention, except that the n-type contact layer is made in 
the form of the three layer laminated structure. There- 
fore, only the n-type contact layer of the three layer lam- 
inated structure will be described. 

(first nitride semiconductor layer 3) 

[0076] In the same manner as in Example 1 , after 
the growth of the buffer layer 2, only TMG is stopped 
and the temperature is increased to 1050°C. At 1050°C, 
using TMG and ammonia gas as source gas, a first 
nitride semiconductor layer 3 made of undoped GaN is 
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grown to the thickness of 1.5 jim. The first nitride semi- 
conductor layer is grown at a temperature higher than 
that in the case of the buffer layer, for example, at 90 to 
1100 °C. The composition of the first nitride semicon- 
ductor layer is not a matter of importance, but preferably s 
is made of AlyGa^xN with X being not more than 0.2. 
with the result that the nitride semiconductor layer hav- 
ing less crystal defects can be easily obtained. The 
thickness thereof is not a matter of importance, but is 
larger than that of the buffer layer and usually is within - 10 
the range of from 0.1 to 20 jim. Since this layer is an 
undoped layer, it is similar to the intrinsic semiconductor 
and has a resistivity of larger than 0. 1 n • cm. Since the 
first nitride semiconductor layer is grown at a tempera- 
ture higher than that in the case of the buffer layer, this 75 
layar is undoped, although this layer is different from 
said buffer layer. 

(second nitride semiconductor layer 4) 

20 

10077] Subsequently, at 1050°C. using TMG and 
ammonia gas and silane gas as an impurity, a Si doped 
GaN layer is grown to the thickness of 3 ]xm. The sec- 
ond nitride semiconductor layer 3 can be made of 
InxAlyGa^YNCOsX, O^Y, X+Ym ) and the composition 2s 
thereof is not a matter of importance, preferably GaN, 
AJxGat-xN wi th X being not more than 0.2 or InyGa^yN 
with Y being not more than 0.1, with the result that the 
nitride semiconductor layer having less crystal defects 
can be easily obtained. The thickness of the second 30 
nitride semiconductor layer is not a matter of impor- 
tance and preferably is within the range of from 0.1 to 20 
jim, because the n-electrode is formed thereon. In the 
case that using the other sapphire substrate which was 
not in the device structure, the nitride semiconductor 35 
layers were grown to a GaN layer in the same manner, 
the carrier density was 1 x 10 19 /cm 3 and the resistivity 
was 5 x 1 0" 3 O • cm. 

(third nitride semiconductor layer 5) 40 

[0078] Next, silane gas is stopped and at 1 050°C, a 
third nitride semiconductor layer 5 made of undoped 
GaN is grown to the thickness of 0.15 urn. in the same 
manner. The third nitride semiconductor layer 5 can 45 
also be made of InxAlvGa^yNfOsiX, O^y, X+Y^i ) and 
the composition thereof is not a matter of importance, 
preferably GaN. AlxGa^xN with X being not more than 
0.2 or InyGa^yN with Y being not more than 0.1. with 
the result that the nitride semiconductor layer having so 
less crystal defects can be easily obtained. When 
InGaN is grown and on said InGaN layer, the nitride 
semiconductor layer containing Al is grown, the cracks 
can be prevented from developing' in the nitride semi- 
conductor layer containing Al. When the second nitride ss 
semiconductor is made of a single nitride semiconduc- 
tor, it is desirable that the first, second and third nitride 
semiconductor layers are made of a nitride semicon- 



ductor having the same composition, particularly GaN. 
[0079] The resulting LED device emitted pure green 
light of 520 nm at the forward voltage of 20mA. At 
20mA, Vf was decreased by 0.1 to 0.2V and the output 
was enhanced by 5 to 10%, compared with the conven- 
tional LED emitting green light which was made by lam- 
inating sequentially on a sapphire substrate, a buffer 
layer made of GaN, an n-side contact layer made of Si 
doped GaN, an active layer made of InGaN in the form 
of a single quantum well structure, a p-side cladding 
layer made of Mg doped AIGaN and a p-side contact 
layer made of Mg doped GaN. 

Example 8 

Undoped ln 0 .o5Gao.95N//Si doped n-type 
GaN//undoped GaN 

[0080] The LD device is fabricated in the same 
manner as in Example 5 as shown in Fig .2 (showing the 
device cut in the parallel direction to the resonating 
plane of the laser), an example of LD device according 
to the first embodiment of the present invention, except 
for the n-type contact layer. 

[0081 ] With the same procedures as in Example 1 , 
the buffer layer 21 which is made of GaN and has a 
thickness of 200 angstroms is grown on the C-plane 
sapphire substrate 20. And then, the temperature is 
increased to 1020°C and at 1020 °C, a first nitride sem- 
iconductor layer 22 made of undoped GaN is grown to 
the thickness of 5 jim. 

[0082] Subsequently, at 1020*0, using silane gas 
as an impurity gas, a second nitride semiconductor 
layer 23 made of Si doped n-type GaN is grown. The 
resistivity of the resulting LD device was also 5 x 10* 3 Q 
• cm. 

(third nitride semiconductor layer 24) 

[0083] Next, at 800°C, using TMI, TMG and ammo- 
nia, a third nitride semiconductor layer made of 
undoped lno.05Gao.95N is grown to the thickness of 500 
angstroms. 

(n-side cladding layer 25) 

[0084] Next, at 1020°C, a n-side cladding layer is 
made by laminating alternately an n-type Al 0 2 Gao 8 N 
layer which is doped with Si to 1 x 10 17 /cm 3 and has a 
thickness of 40 angstroms and an undoped GaN layer 
having a thickness of 40 angstroms, in 40 layers, 
thereby forming a super lattice structure. This n-side 
cladding layer functions as a carrier trapping and light 
trapping layer. 

(n-side optical waveguide layer 26) 

[0085] Subsequently, a n-side optical waveguide 
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layer 26 made of n-type GaN doped with Si to 1 x 
1 0 19 /cm 3 is grown to the thickness of 0.2 urn. This n-side 
optical waveguide layer 26 acts as an optical waveguide 
layer for the active layer and preferably is made of GaN 
or InGaN. The thickness of the n-side optical waveguide 5 
layer is usually within the range of from 100 angstroms 
to 5 nm and preferably within the range of 200 ang- 
stroms to 1 urn. This n-side optical waveguide layer 5 
may be undoped. 

10 

(active layer) 

[0086] Next, at 800°C, an well layer made of Si 
doped Iitq 2 Gao 8 N is grown to the thickness of 25 ang- 
stroms. Next, the molar ratio of TMI is changed and a 15 
barrier layer made of Si doped lno.01Gao.99N is grown to 
the thickness of 50 angstroms. This operation is 
repeated two times and finally, the well layer is lami- 
nated, resulting in a multiple quantum well structure 
(MQW). 20 

(p-side capping layer 28) 

[0087] Next, at 1 020°C, using TMG, TMA, ammonia 
and Cp2Mg, a p-side capping layer 28 which has a band 25 
gap energy higher than that of the active layer and is 
made of p-type AI 0 3 Ga 0 7 N doped with Mg to 1 x 
10 20 /cm 3 is grown to the thickness of 300 angstroms. 
The p-side cap layer 28 is doped wjth a p-type impurity, 
but the thickness thereof is small and therefore the p- 30 
side cal layer may be of i-type wherein carriers are com- 
pensated by doping n-type impurity. The thickness of 
the p-side cap layer 28 is controlled within 0.1pm, more 
preferably within 500 angstroms and most preferably 
within 300 angstroms. When grown to a thickness of 35 
greater than 0.1 urn, cracks tend to develop in the p- 
side cap layer 28 making it difficult to grow a nitride 
semiconductor layer of good quality of crystal. And car- 
rier cannot pass the energy barrier by tunneling effect. 
In the case of AIGaN having a high proportion of Al, the 40 
small thickness can make it for LD device to oscillate 
easily. For example, in the case of AlyGa^yN with Y 
being not less than 0.2, the thickness is desirably con- 
trolled within 500 angstroms. The lower limit of the thick- 
ness of the p-side capping layer 28 is not specified, but 4s 
the thickness is desirably not less than 1 0 angstroms as 
in the case of the laser device of Example 4. 

(p-side optical waveguide layer 29) 

50 

[0088] Next, at 1020°C, a p-side optical waveguide 
layer 29 made of p-type GaN dope with Mg to 1 x 
10 18 /cm 3 is grown to the thickness of 0.2 urn. This layer 
functions as an optical waveguide layer for the active 
layer, as in the case of the n-side optical waveguide 55 
layer 26. This layer is desirably made of GaN or InGaN. 
The thickness is preferably within the range of from 100 
angstroms to 5 \sm, more preferably within the range of 
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from 200 angstroms to 1 urn. The p-side optical 
waveguide layer is usually of p -conductivity by doping a 
p-type impurity such as Mg, but may be not doped with 
an impurity. 

(p-side cladding layer 30) 

[0089] Next, at 1020 °C, a p-side cladding layer 30 
is made by laminating alternately a p-type Al 0 25 Ga 0 75 N 
layer which is doped with Mg to 1 x 1 0 20 /cm 3 and has a 
thickness of 40 angstroms and an undoped p-type GaN 
layer having a thickness of 40 angstroms, in 40 layers, 
thereby forming a super lattice layer This layer also 
functions as a carried trapping layer like the n-side clad- 
ding layer 25. The resistivity and thresholds of the p- 
type layers tend to decrease because of the p-side clad- 
ding layer in the form of a super lattice structure. 

(p-side contact layer 31) 

[0090] Finally, a p-side contact layer 31 made of p- 
type GaN doped with Mg to 2 x 1 0 20 /cm 3 is grown to the 
thickness of 150 angstroms. 

[0091] After the completion of the reaction, the 
wafer is annealed at 700°C within the nitrogen atmos- 
phere in the reactor to make the p-type layers less resis- 
tive. After annealing, the wafer is removed out of the 
reactor and as shown in Fig. 2, the p-side contact layer 
31 and the p-side cladding layer 30 which are the upper- 
most layers are etched with RIE apparatus into a ridge 
geometry with a stripe width 4 nm. Particularly, when 
the nitride semiconductor layers containing Al which are 
above the active layer are formed in the ridge geometry, 
the emission from the active layer focuses under the 
stripe ridge, with the result that the transverse mode is 
easily simplified and the thresholds are easily 
decreased. After the ridge is formed, a mask is formed 
on the ridge and as shown in Fig. 2, the surface of the 
second nitride semiconductor layer 23 on which n-elec- 
trode 34 is to be formed is exposed symmetrically rela- 
tive to the stripe ridge. 

[0092] Next, the p-electrode 32 made of Ni/Au is 
formed on the entire surface of the ridge. Meanwhile, an 
n-electrode made of Ti and Al is formed on the almost 
entire surface of the second nitride semiconductor layer 
23 of a stripe. The almost entire surface means the area 
having 80% or more of the surface. Thus, it is extremely 
advantageous in decreasing the thresholds to expose 
the second nitride semiconductor layer 23 symmetri- 
cally relative to the p-electrode 32. and provide with an 
n-electrode on the almost entire surface of the second 
nitride semiconductor layer 23. Next, an insulating film 
35 made of Si0 2 is formed between the p-electrode and 
the n-electrode. A p-pad electrode 33 made of Au is 
formed which is connected electrically to the p-elec- 
trode 32 via the insulating film 35. 
[0093] After the electrode is formed, the back sur- 
face of the sapphire substrate of the wafer is polished to 
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the thickness of about 50 *im. And then, the polished 
plane is scribed and the wafer is cleaved into bars per- 
pendicularly with respect to the stripe electrode to fabri- 
cate a resonator on the cleaved facet. A dielectric film 
made of Si0 2 and Ti0 2 is formed on the facet of the res- 5 
onator and finally, the bar is cut parallel to the p-elec- 
trode, resulting in laser devices. The resulting device is 
onto the heat sink. When the laser oscillation was tried 
at room temperature, the continuous emission at a 
wavelength of 405 nm was observed . The threshold to 
current density. was 2.5 kA/cm 2 and the threshold volt- 
age was 4.0V. The lifetime was 500 hours or longer and 
enhanced 1 0 times or more, compared with the conven- 
tional nitride semiconductor laser device. 

75 

Example 9 

LED in the form of the three layer laminated structure 

Undoped ln 0 05 Ga 0 95 N//Si doped n-type 20 
GaN//undoped GaKl 

[0094] The LED device is fabricated in the same 
manner as in Example 1 , except that a third nitride sem- 
iconductor layer made of undoped ln 0i05 Gao.95Nis 25 
grown to the thickness of 20 angstroms using TMG, TMI 
and ammonia at 800°C. The resulting LED device had 
almost the same properties as those in Example 7. 
[0095] For the three layer laminated structure, the 
principal object is that the carrier concentration in the 30 
second nitride semiconductor layer which functions as a 
n-type contact layer is increased, resulting in obtaining 
the contact layer which has an as low resistivity as pos- 
sible. Therefore, the first nitride semiconductor layer 
may be doped with an n-type impurity within the range 3s 
where the decrease of the resistivity in the second 
nitride semiconductor layer is not substantially influ- 
enced. The second nitride semiconductor layer is doped 
with an n-type impurity in high concentration and the 
third nitride semiconductor layer is formed in order that 40 
the n-type cladding layer, the active layer and the like 
which are formed over the second nitride semiconduc- 
tor layer may have a good crystal I in ity. It should be 
understood that the doping of an impurity within the 
range where the object of the invention can be achieved 45 
be within the scope of the present invention. When the 
first or third nitride semiconductor is substantially doped 
with Si to not more than 1 x 10 17 /cm 3 , the occurrence of 
leak current and a little decrease of the output is 
observed, but the resulting device can be practically so 
useful (see the following Example 9 or 1 1). Such a phe- 
nomenon can be applied to the case of the n-type con- 
tact layer in the form of a super lattice structure. 
Therefore, in the structure of undoped InGaN/Si doped 
n-type GaN or super lattice structure/undoped GaN, or ss 
undoped GaN/ Si doped n-type GaN or super lattice 
structure/undoped GaN of the above-mentioned Exam- 
ples, at least either first or third nitride semiconductor 



layer may be doped with an n-type impurity, as long as 
the second nitride semiconductor layer is not substan- 
tially influenced. 

Example 10 

LED in the form of a super lattice three layer laminated 
structure 

Undoped InGaN/undoped GaN//Si doped 
GaN//undoped GaN 

[0096] With the same procedures as in Example 1 , 
the buffer layer 2 is formed and then the first nitride 
semiconductor layer 3 made of undoped GaN is grown 
to the thickness of 1 .5 \xm on the same conditions as in 
Example 1. 

[0097] Next, at 1050°C. using TMG. ammonia gas 
and Si gas. a second nitride semiconductor layer 4 is 
formed by growing a Si doped GaN layer doped with Si 
to 1 x 1 0 19 /cm 3 to the thickness of 2.25 \i m. 
[0098] And then, at 1050 °C. using TMG and 
ammonia gas, an undoped GaN layer is grown to the 
thickness of 20 angstroms and subsequently, at 800 °C, 
using TMI, TMG and ammonia gas. an undoped InGaN 
layer is grown to the thickness 10 um. Thus, a third 
nitride semiconductor layer is made by laminating alter- 
nately A layer made of an undoped GaN layer with the 
thickness of 20 angstroms and B layer made of 
undoped InGaN layer with the thickness of 10 ang- 
stroms, in 20 layers, respectively, thereby forming a 
super lattice structure having a total thickness of 600 
angstroms. Other constructions are the same as those 
in Example 1. 

[0099] The resulting LED of Example 10 had the 
same properties as those in Example 7. 

Example 1 1 

LED in the form of a three fayers laminated LED 

Undoped GaN//Si doped n-type GaN//Si doped GaN 

[0100] With the same procedures as in Example 7, 
the first nitride semiconductor layer 3 is doped with Si to 
1 x 10 17 /cm 3 , the second nitride semiconductor layer 
made of GaN 4 is doped with 8 x 1 0 18 /cm 3 . and the third 
nitride semiconductor layer 5 is an undoped layer. The 
other constructions are the same as in Example 7. In 
the resulting device, a little leak current was observed 
and the output decreased a little. 
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Example 12 

LED in the form of three layers laminated structure 

Si doped GaN//Si doped n-type GaN//undoped GaN 

[0101] With the same procedures as in Example 7, 
the third nitride semiconductor layer 5 is doped with Si 
to 1 x 10 17 /cm 3 , the second nitride semiconductor layer 
made of GaN 4 is doped with 8 x 10 18 /cm 3 , and the first 
nitride semiconductor layer 5 is an undoped layer. The 
other constructions are the same as in Example 7. In 
the resulting device, a little leak current was observed 
and the output decreased a little. 

Example 13 

LED in the form of three layer laminated structure 

Si doped GaN//Si doped n-type GaN//Si doped GaN 

[0102] With the same procedures as in Example 7, 
the first and third nitride semiconductor layers 3 and 5 
are doped with Si to 8 x I0 16 /cm 3 , and the second 
nitride semiconductor layer made of GaN 4 is doped 
with 5 x I0 18 /cm 3 . The other constructions are the same 
as in Example 7. In the resulting device, almost no leak 
current was observed and the output decreased a little. 

Example 14 

LED in the form of super lattice three layers laminated 
structure 

Undoped GaN/Si doped GaN//Si doped GaN//undoped 
GaN 

[01 03] With the same procedures as in Example 1 , 
the buffer layer 2 is formed and then, the first nitride 
semiconductor layer 3 made of undoped GaN is grown 
to the thickness of 1 .5 um on the same conditions as in 
Example 1. 

[0104] Next, at 1050°G, using TMG.ammonia gas 
and Si gas, the second nitride semiconductor layer 4 is 
formed by growing Si doped GaN layer which is doped 
with Si to 1 x I0 19 /cm 3 to the thickness of 2.25 um. 
[0105] Subsequently, at 1050°C, using TMG and 
ammonia gas. an undoped GaN layer is grown to the 
thickness of 75 nm. At the same temperature, using 
TMG, ammonia gas and Si gas, a Si doped GaN layer 
which is doped with Si to 1 x I0 19 /cm 3 to the thickness 
of 25 angstroms. Thus, the third nitride semiconductor 
layer is formed by laminating alternately an undoped 
GaN layer having a thickness of 75 angstroms and the 
Si doped GaN layer having a thickness of 25 angstroms, 
thereby forming the super lattice structure having a total 
thickness of 600 angstroms. 

[0106] The other constructions are the same as in 



Example 1 . 

[0107] The resulting LED in the form of the super 
lattice structure according to the Example 14 had simi- 
lar properties to those in Example 7. 

5 

Claims 

1 . A nitride semiconductor light emitting device which 
comprises at least a substrate, an n-type contact 

10 layer for forming an n-electrode, an active layer 
where electrons and holes are recombined and a p- 
type contact layer for forming a p- electrode, each 
layer being made of nitride semiconductor, wherein 
said n-type contact layer comprises a nitride semi- 

15 conductor doped with an n-type impurity and has a 
first surface and a second surface, on which a first 
and a second undoped nitride semiconductors are 
formed respectively to make a three-layer lami- 
nated structure. 

20 

2. A nitride semiconductor light emitting device 
according to claim 1 , wherein said n-type contact 
layer is GaN doped with Si as an n-type impurity, 
and said first nitride semiconductor joined to the 

25 first surface of said n-type contact layer is undoped 
GaN or AIGaN while said second nitride semicon- 
ductor joined to the second surface of said n-type 
contact layer is one of undoped GaN, AIGaN and 
InGaN. 

30 

3. A nitride semiconductor light emitting device 
according to claim 2. wherein said n-type contact 
layer has a carrier concentration of 3x10 18 /cm 3 or 
more. 

35 

4. A nitride semiconductor light emitting device 
according to claim 2 or 3, wherein said n-type con- 
tact layer has a resisitivity of 8xl0" 3 ncm or less. 

40 5. A nitride semiconductor light emitting device 
according to claim 1 , wherein said n-type contact 
layer of the three-layer structure is formed on a 
buffer layer formed on a sapphire substrate. 

45 6. A nitride semiconductor light emitting device which 
comprises at least a substrate, an n-type contact 
layer for forming an n-electrode. an active layer 
where electrons and holes are recombined and a p- 
type contact layer for forming a p-electrode, each 

so layer being made of nitride semiconductor, wherein 
said n-type contact layer comprises a super-lattice 
layer which comprises a laminate layer of at least a 
nitride semiconductor layer doped with an n-type 
impurity and a nitride semiconductor undoped with 

55 an n-type impurity. 

7. A nitride semiconductor light emitting device 
according to claim 6 wherein said n-type contact 
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layer comprises super-lattice layer of combination 
of nitride layers selected from the group consisting 
of GaN/GaN, ~ InGaN/GaN, AIGaN/GaN and 
InGaN/AIGaN, at least either one of which is doped 
with Si. 5 

8. A nitride semiconductor light emitting device 
according to claim 7, wherein said n-type contact 
layer has a carrier concentration of 3x10 18 /cm 3 or 
more. -to 

9. A nitride semiconductor light emitting device 
according to claim 7 or 8, wherein said n-type con- 
tact layer has a resisitivity of 8xio~ 3 r*cm or less. 

75 

1 0. A nitride semiconductor emitting device according 
to claim 6. wherein said n-type contact layer com- 
prises a nitride semiconductor super-lattice doped 
with an n-type impurity and has a first surface and a 
second surface, on which a first and a second lay- 20 
ers of undoped nitride semiconductor or nitride 
semiconductor doped with a n-type impurity less 
than that of said super super-lattice are formed 
respectively to make a three-layer laminated struc- 
ture. 25 

1 1 . A nitride semiconductor emitting device according 
to claim 7, wherein said n-type contact layer is 
formed on an undoped GaN layer formed on a 
buffer layer which is formed on a sapphire sub- 30 
strate, further nitride semiconductor layer compris- 
ing said active layer is formed through GaN 
undoped with n-impurity on said n-type contact 
layer. 

35 

12. A nitride semiconductor light emitting device which 
comprises at least a substrate, an n-type contact 
layer for forming an n-electrode, an active layer 
where electrons and holes are recombined and a p- 
type contact layer for forming a p- electrode, each 40 
layer being made of nitride semiconductor, wherein 
said n-type contact layer of GaN comprises a nitride 
semiconductor doped with Si as an n-type impurity 
and has a first surface and a second surface, on 
which a first and a second nitride semiconductors 45 
are formed respectively, at least one of the first and 
second nitride semiconductors is doped with Si in 

an amount of less than that of said n-type contact 
layer, and wherein said first nitride semiconductor 
joined to the first surface of said contact layer is of so 
GaN. or AlGaN while the second nitride semicon- 
ductor joined to the second surface of said contact 
layer is of GaN, AIGaN or InGaN. 
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Fig. 1 



Fig. 2 
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